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(54) HYDROGEN-OCCLUSION LAMINATE MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an occlusion material having 
improved hydrogen occlusion quantity by using a repeating laminate 
structure consisting of a 1 st layer having an hep structure of a group 4A 
element (or its alloy or compound) and a 2nd layer having a bcc structure 
of a group 6-8A element (or its alloy or compound). 
SOLUTION: This laminate material 10 composed of the repetition of 1st 
and 2nd layers is produced by depositing a 1 st layer 6a composed of a 
group 4A element or an alloy or compound containing a group 4A element 
and having an hep crystal structure stable at normal temperature and 
pressure and a 2nd layer 7a composed of a group 6A, 7A and/or 8A 
element or an alloy or compound containing a group 6A, 7A and/or BA 
element and having a bcc crystal structure stable at normal temperature 
and pressure on a silicon substrate 4 by ion plating method, etc., using e.g. 
vacuum arc discharge to form a laminate structure having a thickness of < 
600n|x and repeating the lamination procedure. Hydrogen is occluded in 
the laminate film 10 by electrolytic charging method. 
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* NOTICES * 

4 

Japan Patent Offic is not responsible for any 
damages caused by the use of this translation. 

L This document has been translated by computer. So the translation may not reflect the original precisely. 
2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the structure which accumulated the 1st and 2nd layers, the 1st layer of the above It consists of the 
alloy or compound containing 4A group's element, or 4A group's element, and the crystal structure stable under 
ordinary temperature and an ordinary pressure is hep structure, the 2nd layer of the above 6A, 7A, and 8A group's 
charge of hydrogen-absorption plywood whose stable crystal structure it consists of alloy or compound of one of 
elements or 6A and 7A, and 8A group which contains one of elements at least at least, and is bcc structure under 
ordinary temperature and an ordinary pressure. 

[Claim 2] The charge of hydrogen-absorption plywood according to claim 1 on which the laminated structure 
containing the above 1 st and the 2nd layer is accumulated repeatedly. 

[Claim 3] The charge of hydrogen-absorption plywood according to claim 2 whose thickness of the aforementioned 
laminated structure is 600nm or less. 

[Claim 4] The 1st layer of the above is a charge of hydrogen-absorption plywood according to claim 1 which has the 
crystal structure which consists of bcc structure. 

[Claim 5] The 2nd layer of the above of 6A, 7A, and 8A group which consists of alloy or compound of one of elements 
or 6 A and 7 A, and 8 A group which contains one of elements at least at least is a charge of hydrogen-absorption 
plywood according to claim 1 which consists of material with a larger bulk-modulus than the 1st layer of the above 
which consists of the alloy or compound containing 4A group's element, or 4A group's element. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] More specifically, this invention relates to the charge of hydrogen- 
absorption plywood excellent in hydrogen-absorption capacity about the charge of hydrogen-absorption plywood. 
[0002] 

[Description of the Prior Art] Material research / development of a hydrogen storing metal alloy have been actively 
performed as material, such as a medium for hydrogen storage / transportation, energy conversion, and hydrogen gas 
separation, refining, as the interest about a hydrogen energy system increases in recent years. The most important 
property as a hydrogen storing metal alloy is excelling in hydrogen-absorption capacity. Setting into the conventional 
material, the atomic ratio (H/M) of an occlusion hydrogen and a metal is LaNiS and CaNiS. They are H/M=1.33 and 
ZrV2 with H/M=1.00 and Mg2 nickel. It is H/M=1.50. 
[0003] 

[Problem(s) to be Solved by the Invention] If a hydrogen absorption-discharge cycle is repeated when hydrogen- 
absorption material is massive (bulk), this hydrogen-absorption material will carry out pulverization. This pulverization 
has been a serious obstacle to the utilization as a hydrogen-absorption material. For this reason, although the attempt 
which thin-film-izes hydrogen-absorption material was made, there was a fault which becomes less than a sample with 
the massive amount of absorption hydrogen. Furthermore, when using hydrogen-absorption material for nickel- 
hydrogen rechargeable battery etc., developing the material beyond H/M=1.50 as a standard of the amount of 
absorption hydrogen is expected. 

[0004] Then, this invention aims at offering the charge of hydrogen-absorption plywood excellent in hydrogen- 
absorption capacity. 
[0005] 

[Means for Solving the Problem] The invention-in-this-application person found out that the multilayer structure which 
carried out the laminating of the layer containing 4A group element with hep structure and the layer which has the 
element of 6A, 7 A, and 8 A group was conventionally excellent in hydrogen-absorption capacity compared with 
material, as a result of inquiring wholeheartedly. 

[0006] So, the charge of hydrogen-absorption plywood of this invention has the structure which accumulated the 1st 
and 2nd layers. This 1 st layer consists of the alloy or compound containing 4A group's element, or 4A group's element, 
and the crystal structure stable under ordinary temperature and an ordinary pressure is hep structure, moreover, the 2nd 
layer - 6A, 7A, and 8A group — it consists of alloy or compound of one of elements or 6A and 7A, and 8A group 
which contains one of elements at least at least, and the stable crystal structure is bcc structure under ordinary 
temperature and an ordinary pressure 

[0007] 4A group's element is a material which reacts with hydrogen and is easy to form a metal hydride. Although it is 
the material which the element of 6A, 7 A, and 8A group cannot react easily with hydrogen, and cannot form a metal 
hydride easily on the other hand, move diffusion of the hydrogen in the layer is an easy material. 
[0008] at the charge of hydrogen-absorption plywood of this invention, it writes in such multilayer composition and the 
hydrogen-absorption capacity which was markedly alike and was excellent is acquired as compared with the hydrogen- 
absorption material which consists of the conventional bulk and a thin film 

[0009] The charge of hydrogen-absorption plywood of this invention is obtained by accumulating two sorts of matter 
which is different on a substrate using the PVD (physical vapor deposition) methods, such as a vacuum deposition 
method, the ion plating method, and the sputtering method, a gaseous-phase method like the CVD (chemical vacuum 
deposition) methods, such as a plasma CVD method, etc. 

[0010] On other aspects of affairs where this invention is desirable, the laminated structure containing the 1st and 2nd 
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layers is accumulated repeatedly. 

{00 11] Thus, by repeating and accumulating a laminated structure, hydrogen-absorption capacity can be heightened 
further. 

[0012] If the aspect of affairs of 1 where this invention is desirable is followed, the thickness of the laminated structure 
containing the above 1 st and the 2nd layer will be 600nm or less. 

[0013] Thus, practically sufficient hydrogen-absorption capacity can be acquired by setting thickness of a laminated 

structure to 600nm or less. 

[0014] 4 A group element of hep structure carries out phase transition to bcc structure by carrying out the laminating of 
the layer which has bcc structure under ordinary temperature and an ordinary pressure, and contains 6A, 7A, and 8A 
group element whose bulk-modulus is size rather than 4A group element, and the layer containing 4A group element. 
Invention-in-this-application persons found out that the charge of hydrogen-absorption plywood beyond H/M=2.00 
was obtained by realizing such a 4A group's bcc structure, as a result of inquiring wholeheartedly. 
[0015] If hydrogen can be put into the position between tetrahedron grids of body-centered cubic lattice (bcc) structure 
as shown in drawing 4 , this can realize H/M=6.00 ideally and will be considered for hydrogen-absorption capacity to 
improve rather than the case where it is hexagonal-closest-packing (hep) structure. By the film which such phase 
transition discovered, a diffraction peak with the bcc crystal structure which differs from the charge of plywood by the 
crystal structure analysis by the X-ray diffraction method is observed. 

[0016] Moreover, possibility that a laminating period is short and change of the electronic structure by an increase 
(increase in the number of interfaces) or interface atom of an interface increasing etc. is participating in the increase in 
hydrogen storage capacity by the bird clapper is also considered. 

[0017] So, on other aspects of affairs where this invention is desirable, it has the crystal structure which the 1st layer 

which consists of the alloy or compound containing 4 A group's element becomes from bcc structure. 

[001 8] Moreover, on the desirable aspect of affairs of further others of this invention, the 2nd layer of 6 A, 7 A, and 8 A 

group which consists of alloy or compound of one of elements or 6A and 7A, and 8A group which contains one of 

elements at least at least consists of material with a larger bulk-modulus than the 1st layer which consists of the alloy 

or compound containing 4A group's element, or 4A group's element. 

[0019] 

[Example] Hereafter, the cascade screen (Ti/Cr) of Ti (titanium) and Cr (chromium) by the ion plating method is 
explained as one example of this invention. 

[0020] The cascade screen of Ti and Cr was formed by the ion plating method using vacuum arc discharge. In this 
case, Cr has the larger bulk-modulus than Ti. The concrete method of producing the multilayer of this Ti and Cr is 
explained using drawing 1 . 

[0021] Drawing 1 is the external view showing the composition of membrane formation equipment. With reference to 
drawing J , the cathode evaporation material (evaporation sources 6 and 7) of Ti and Cr is arranged in a vacuum 
housing 1 , and a substrate 4 is attached on the substrate electrode holder 3 installed in the rotary table 5. This substrate 
4 consists of silicon. After fully carrying out evacuation, when the evaporation-source 6 side of Ti is turned to by 
rotating a rotary table 5 and Ti turns to the evaporation-source 7 side of Cr, evaporating Ti and Cr by arc discharge in a 
vacuum or argon gas atmosphere, Cr is formed respectively. 

[0022] Each thickness (laminating period) of Ti and Cr was performed by controlling the rotational frequency of a 
rotary table 5. Moreover, membrane formation conditions are shown in the following table 1 . 



[0023] 
FTable 11 


T-i/^m (Ti) 


8 OA 




-5 0 V 


r-^^m. (C r) 


8 OA 


I £ IS. 


S i 


imSLJJ (Torr) 


g 0 . 0 i oTorr 




1 ~3 OrpB 



[0024] From the above-mentioned table 1, the arc current of the evaporation sources 6 and 7 of Ti and Cr set 80 A and 
the membrane formation pressure to 0.01 or less mTorrs respectively, set substrate bias to -50V, and set the table 
rotational frequency to 1 - 30rpm. 

[0025] Thus, the cross section of the cascade screen of Ti and Cr which were obtained is shown in drawing 2 . With 
reference to drawing_2 , Ti layer 6a and Cr layer 7a are repeatedly accumulated on the substrate 4 which consists of 
silicon one by one, and the cascade screen 10 is constituted. 

[0026] Hydrogen-absorption processing was performed to the cascade screen of this Ti and Cr by the electrolysis 



Page 3 of 4 



charging method. The equipment which performs this hydrogen-absorption processing is shown in drawing 3 . 
-{0027] The sample 10 shown in drawing J in performing hydrogen absorption with reference to drawing 3 is dipped in 
0.1 M-NaOH solution, and it is 0.5 M-K2 S04 about the Pt counter electrode 12. It dipped in the solution. In this 
sample 10, positive current was respectively passed for negative current predetermined time by the constant current 
power supply 1 1 again at the Pt counter electrode 12. ADVANTEST TR6120A was used for this low-current power 
supply 1 1 . 

[0028] In addition, current value set to 10mA fundamentally, and set up time to pass current in 1 hour. (Current A) x 
time (s) was equivalent to quantity of electricity, and calculated the yield of the hydrogen by electrolysis using this 
value (Faraday's law). 

[0029] Measurement of hydrogen by which occlusion was carried out was carried out by Horiba EMGA621. This 
equipment can analyze analysis of the absolute magnitude of hydrogen, or temperature up analysis. 
[0030] It gave this invention material A-G and the comparison material H and I which show the above-mentioned 
hydrogen-absorption processing in the following table 2. The result is shown in Table 2. 

[003 1 ] In addition, this invention material A-G changes a laminating period (T of drawingjZ ) respectively, and is 
LaNiS in the comparison material H and I. The thing of the monolayer structure of TiCr was used. 
[0032] Moreover, the existence of the diffraction peak from different bcc structure from the quality of a laminated 
material by the X diffraction is also collectively shown in the following table 2. 

[0033] In addition, hydrogen storage capacity was specifically calculated by the following methods. The temperature 
up of the film (or cascade screen) is carried out first, and the fixed quantity of the hydrogen which came out of the film 
is carried out by gas analysis. The film from which hydrogen escaped succeedingly is melted from an acid, and the 
fixed quantity of the film atom is carried out by the chemical analysis. H/M is calculated from these both result. 
[0034] 

Table 2] ^ , . 
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[0035] From the result of Table 2, by carrying out the laminating of Ti and the Cr shows that the hydrogen-absorption 
capacity superior to the conventional material is acquired. Moreover, when the diffraction peak of new bcc structure is 
acquired, it also turns out that hydrogen storage capacity increases rapidly. 

[0036] Next, also about the combination of material other than Ti and Cr, the method of producing the film of a Ti/Cr 
system and the hydrogen-absorption method, and the same method were performed, and hydrogen storage capacity was 
investigated. The result is shown in the following table 3. 
[0037] 
[Table 3] 
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[0038] It became clear from the result of Table 3 that the hydrogen-absorption capacity which was very excellent also 
in the combination of material other than the cascade screen of Ti and Cr when carrying out the laminating of the layer 
containing the element of 4A group whose crystal structure stable under ordinary temperature and an ordinary pressure 
is hep structure, and 6A and 7A whose crystal structure stable under ordinary temperature and an ordinary pressure is 
bcc structure, and the layer which it becomes from 8A group's element is acquired. 

[0039] Moreover, it can guess easily that the same effect is expectable with not only a thing but the compound and 
alloy with which the charge of plywood consists of a single element. 

[0040] Although the hydrogen-absorption capacity which excelled the conventional material also in carrying out the 
laminating of the layer containing 4A group's element and the layer containing the element of 6A, 7A, and 8A group 
from the result of above-mentioned Table 2 and 3 is acquired, when the diffraction peak of new bcc structure is 
acquired especially, it turns out that hydrogen storage capacity increases rapidly. 

[0041] It should be thought that the example indicated this time is [ no ] instantiation at points, and restrictive. The 
range of this invention is shown by the above-mentioned not explanation but claim, and it is meant that a claim, an 
equal meaning, and all change in within the limits are included. 

[0042] 

[Effect of the Invention] It has the structure which carried out the laminating of two sorts of different matter, one sort 
of the matter which carried out the laminating 4A group's element. Or it consists of the alloy or compound containing 
4A group's element, and the crystal structure stable under ordinary temperature and an ordinary pressure is hep 
structure. 6A, 7A, and 8 A group at least One of elements, [ one more sort of matter ] Or it consists of alloy or 
compound of 6 A, 7A, and 8 A group which contains one of elements at least, and the charge of hydrogen-absorption 
plywood whose stable crystal structure is bcc structure under ordinary temperature and an ordinary pressure can realize 
hydrogen storage capacity superior to the conventional hydrogen-absorption material. 

[0043] Moreover, when a different new diffraction peak from two sorts of matter which originates in the bcc crystal 
structure according to an X diffraction and which carried out the laminating is acquired, fijrther excellent hydrogen 
storage capacity can be realized. 

[0044] The charge of hydrogen-absorption plywood of this invention brings a big effect to realization of a long lasting 
rechargeable battery or a high sensitivity hydrogen sensor. 



[Translation done.] 
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